Objective-To examine changes in depressive symptoms and treatment in the first three years following bariatric surgery.
Introduction
Bariatric surgery is now regarded as the most effective treatment to achieve and maintain a large and sustained weight loss in severely obese adults (1) . Utilization of such procedures has escalated in recent years (2) . Nevertheless, outcomes of bariatric surgery are variable and research is needed to identify predictors of outcome (3) .
Depressive symptoms and mood disorders are commonly seen among severely obese adults. Data from the Swedish Obese Subjects (SOS) study demonstrated that depressive symptomatology was elevated relative to population data among both the obese sample electing bariatric surgery and conventionally treated matched controls (4) . However, depressive symptomatology was significantly higher among those electing surgery (5) . Studies using the Hamilton Depression Scale (HDS) and Beck Depression Inventory (BDI) have also shown elevated depression symptoms in bariatric surgery candidates (6, 7, 8) . Additionally, it has been reported that antidepressants are the most frequently prescribed type of medication in this population (9) , and are frequently continued after surgery (9, 10, 11 ).
An early report (12) found that depression prior to bariatric surgery was associated with a higher rate of medical complications in the post-surgery period. However, this study was conducted in a small sample (n=40) of patients who had undergone vertical-banded gastroplasty, a procedure rarely employed today.
The Roux-en-Y gastric bypass (RYGB) and the laparoscopic adjustable gastric band (LAGB) have accounted for the majority of bariatric surgical procedures performed in the United States over the last decade. Studies comparing pre-to post-operative rates of depressive symptoms and affective disorders following RYGB and LAGB have generally found decreases in both the severity of the symptoms (13, 14, 15) and in the rate of mood disorder diagnoses (16, 17, 18) . However, only a few studies have included follow-up beyond the first postoperative year, and most have been limited to small samples (15, 18, 19, 20) . An exception is the SOS (n=655), which found significant improvements in depressive symptoms 10 years following RYGB, fixed or laparoscopic adjustable gastric banding, or vertical-banded gastroplasty, the modal procedure utilized (21) .
Utilizing data from the Longitudinal Assessment of Bariatric Surgery-2, a large cohort study of adults who have undergone a bariatric surgical procedure at one of ten participating US hospitals, the aims of the current analysis are: 1) to determine whether baseline depressive symptoms and anti-depressant medication use predict short-term 30-day) major adverse outcomes; 2) to describe changes in depressive symptoms and treatment for depression during the first three years following surgery; 3) to determine if changes differ by surgical procedure (RYGB vs. LAGB); and 4) to examine whether depressive symptomatology changes in parallel with body mass index (BMI).
Methods
The Longitudinal Assessment of Bariatric Surgery-2 (LABS-2) study is designed to assess the risks and benefits of bariatric surgery (22, 23, 24) . Patients at least 18 years old seeking their first bariatric surgery procedure (RYGB, LAGB, sleeve gastrectomy, biliopancreatic diversion with duodenal switch, or banded gastric bypass) as part of clinical care by a LABS-certified surgeon at one of the ten participating hospitals throughout the United States were recruited between February of 2006 and February of 2009, resulting in a cohort of 2,458 patients. All participants provided an institutional review board approved consent. The study, #NCT00465829, is registered at www.clinicaltrials.gov.
Data collection and baseline health status for the LABS-2 cohort have been published (23, 24) . Measures were collected independently of surgical care, and prior to completing psychiatric questionnaires patients were informed that their responses would not impact their acceptance for surgery. Participants returned for a brief 6 month and then broader annual assessments. The analysis sample for this paper included 2,146 of 2,458 (87.3%) LABS-2 participants whose depressive symptoms were assessed at baseline and at least one followup visit within the first three years following surgery (1782 at 6 months, 1698 at 1 year, 1451 at 2 years and 1411 at 3 years).
Outcome Measures
Depressive Symptoms-Symptoms of depression over the past week were assessed using the Beck Depression Inventory, version 1 (BDI-1) (25, 26) . Because many patients are advised to lose weight in preparation for surgery, no points were assigned to the BDI item, "I have lost more than 5 pounds," for participants who indicated purposefully trying to lose weight. The following cut-offs were used for the total score: 0-9, 10-18, 19-29 and 30-63, reflecting no/minimal, mild, moderate and severe symptomatology, respectively.
Antidepressant Medication-Using a study-specific medication form (23) participants recorded the names and frequency of use of all prescribed medications taken within the past 90 days. Current antidepressant medication use was defined as taking a medication classified as an antidepressant, at least daily, because the reasons for taking medications were not determined.
Hospitalizations and Counseling for Depression-At baseline and annual followups, participants self-reported a history of treatment for psychiatric or emotional problems, including hospital admissions and counseling with a mental health professional, and reason(s) for treatment. When bipolar disorder was indicated, it was not classified as "depression."
Treatment for Depression-Participants were categorized as having recently received treatment for depression if they were currently taking an antidepressant medication or had attended counseling for depression in the past 12 months.
Short-term Adverse Surgical Outcomes-Adverse outcomes of surgery were assessed via medical records and participant interview 30 or more days following surgery. If any of the following occurred within 30 days after surgery the patient was considered to have had a major short-term adverse outcome: death; deep-vein thrombosis or venous thromboembolism; reintervention using percutaneous, endoscopic, or operative techniques; or failure to be discharged from the hospital within 30 days after surgery, termed the "composite endpoint" (10) .
Statistical Analysis
Analyses were conducted using SAS (version 9.3), R (version 3.0.0) and Mplus (version 7). All reported P values are two-sided; P values less than 0.05 were considered to be statistically significant. Baseline characteristics of LABS-2 participants in the analysis versus those who were excluded due to missing BDI data were compared with Pearson's chi-square test for categorical variables and the Wilcoxon rank-sum test for continuous variables.
Missing data were assumed to be missing at random (MAR) (27) . Generalized linear mixed models (GLMM) were used to evaluate baseline depressive symptoms and anti-depressant medication use, and specifically use of SRIs, as predictors of major short-term adverse outcome (i.e., the "composite endpoint"). Correlation among patients of the same surgeon was accounted for by including different random intercepts for sites and for surgeons within site. Factors that were independently related to the composite endpoint in previous work (i.e., surgical procedure, BMI, a history of deep vein thrombosis or pulmonary embolus, obstructive sleep apnea, and severe walking limitation) (22) were considered as covariates. Using backward elimination, only covariates that were independently significantly related to the outcome in this sample were retained. Predicted probabilities of having a major shortterm adverse outcome were calculated based on the multivariable model.
Linear mixed models (LMM) were used to evaluate baseline depressive symptoms as a predictor of post-operative depressive symptoms. LMM and GLMM were also used to test whether depressive symptoms, hospitalizations for depression, and treatment for depression, changed over time. An interaction with time was considered in all models. Mixed-effects ordinal logistic regression models were used to determine the odds of depressive symptom severity changing over time. To compare more to less severe symptoms, the outcome was dichotomized in three ways (minimal-to-moderate symptoms vs. severe, minimal-to-mild symptoms vs. moderate-to-severe, and minimal symptoms vs. mild-to-severe symptoms). For all models, first each follow-up time point was compared to baseline; second, each follow-up time point was compared to the previous follow-up time point. To determine whether change in depression-related parameters differed by surgical procedure, GLMMs were run among those who underwent the two most common procedures, RYGB and LAGB, with a procedure indicator variable. Latent Growth Modeling (LGM) was used to examine the correspondence between changes in BMI with parallel change in BDI score trajectory in the entire sample and among only those with baseline mild-severe depressive symptoms.
Results
Baseline characteristics of the analysis sample are shown in Table 1 . Compared to those who were excluded from analysis (n=312), those in the analysis (n=2, 146) had a higher household income (p=.03). There were no significant differences (ps>.05) between groups with respect to sex, age, race, ethnicity, marital status, employment status and BMI. Additionally, baseline depressive symptom severity or treatment for depression did not significantly differ between the analysis sample, and those who were excluded, but were not missing these data (n=206 for depressive symptom severity and n=246 for treatment for depression of the 312 excluded from analysis).
Baseline Depressive Symptoms and Major Short-term Adverse Outcomes
Baseline BDI score (entered as a continuous variable) was not significantly related to likelihood of a major adverse event within 30 days of surgery (adjusted odds ratio [AOR]=1.03 per BDI point; 95% CI=0.99-1.07; p=.18), whereas antidepressant medication use was (AOR=1.76; 95% CI=1.02-3.04; p=.04), controlling for significant covariates, surgical procedure (p<.01) and BMI (p=.03), as well as site and surgeon. However, having mild-severe depressive symptoms (BDI ≥10), compared to no or minimal symptoms (BDI<10) and taking antidepressant medication daily were both independently related to a higher odds of a major adverse event within 30 days (AOR=1.77; 95% CI=1.03-3.05; p=.04, and AOR=1.72; 95% CI=1.002-2.96; p=.04, respectively). Given the rarity of moderate (6.0%) and severe (0.9%) depressive symptomatology at baseline and the 30-day composite endpoint (3.1%), we were underpowered to test whether likelihood of a major short-term adverse event differed by severity of symptoms among those with BDI scores ≥ 10 or whether there was an interaction between depressive symptom groups (no/minimal vs. mildsevere) and surgical procedure. When analysis was limited to RYGB procedures, antidepressant medication use was no longer statistically significant (AOR=1.51; 95% CI=0.86-2.65; p=.15), whereas the odds associated with depressive symptoms was higher (AOR=2.13; 95% CI=1.22-3.75; p<.01). A model limited to LAGB (n=538) would not converge, as only four participants who had a LAGB had a major adverse outcome and all had no/minimal depressive symptoms.
Exploratory analysis was conducted to examine the relation between depressive symptoms and components of the composite endpoint. Death (n=0), DVT/PE (n=5) and failure to be discharged (n=4) were too rare to model. Sixty-three of 67 participants with the composite endpoint had at least one re-intervention, most commonly a reoperation (n= 47). Because of the known association between SRI usage and bleeding, we posited that perhaps a bleeding diathesis was involved (28) . After controlling for site, surgeon, surgical procedure and BMI, those with baseline mild-severe depressive symptoms had a 2.52 higher odds of a reoperation (95% CI=1.29-4.91; p<.01), within 30 days of surgery, whereas antidepressant medication use, or specifically SRI use, was not statistically significant (AOR=1.86; 95% CI=0.95-3.67; p=.07, AOR=1.41; 95% CI=0.72-2.75; p=.31, respectively). Because only 6 participants (0.3%) had postoperative events attributed to bleeding we were underpowered to examine risk factors.
Baseline Depressive Symptoms and Post-operative Depressive Symptoms
Compared to those with no or minimal symptoms, those with depressive symptoms at baseline had a 6.77 higher odds (95% CI=5.47-8.38; p<.0001) of at least mild depressive symptoms at follow-up. Those with moderate-severe depressive symptoms at baseline had a 7.80 higher odds (95% CI= 5.26-11.58; p<.0001) of moderate-severe depressive symptoms at follow-up. Table 2 shows BDI score, depressive symptom severity groups, hospitalizations for depression, and treatment for depression by time point. Data attainment for these outcomes was similar to the BDI (as reported in methods). There was a significant change in BDI score from baseline to each follow-up visit (p<.0001); the decrease in BDI score was greatest at the 1 year follow-up (mean=−3.6). Mean change in BDI score between 6 months and 1 year (mean=−0.2; p=.06) was not significant. Changes in scores between 1 and 2 years (mean=0.7; p<.0001) and 2 and 3 years (mean=0.5; p<.001), were significant.
Change in BDI score following surgery was significantly related to baseline BDI score (p<. 0001). Specifically, those with a higher baseline BDI score had a larger change in BDI score following surgery compared to those with a lower baseline score (Figure 1) . A significant interaction between baseline BDI score and time (p<.01) indicated baseline BDI score had a larger effect at earlier follow-up time points compared to later follow-up time points.
The distribution of depressive symptom severity by time point is also shown in Table 2 . There was a significant change in severity of depressive symptoms from baseline to each follow-up visit (p=<.0001). Compared to baseline, participants had an odds ratio of 3.04, 3.33, 1.83, and 1.13 of having less severe depressive symptoms at 6 months, 1 year, 2 years, and 3 years, respectively (p=<.0001). There was no significant difference in severity of symptoms between 6 months and 1 year (p=.53), but a 1.53 higher chance of more severe symptoms from 1 to 2 years (p<.001), and 1.33 higher chance from 2 to 3 years (p<.01).
Hospitalizations for Depression
At baseline, one in ten participants reported a history of being hospitalized for psychiatric or emotional problems; 0.9% reported hospitalization for depression in the past 12 months. Compared to baseline, hospitalizations rates for depression were similar in years 1 and 2 (0.9% and 1.1%, respectively) (p≥.05), but significantly higher (1.7%) in year 3 (p=.03).
Antidepressant Use and Counseling for Depression
At baseline, 35.3% of participants reported currently taking at least one antidepressant on a daily basis. The most frequently used types of antidepressants were selective serotonin reuptake inhibitors (SSRIs), serotonin-norepinephrine re-update inhibitors (SNRIs), bicyclic antidepressants (BCAs), and tricyclic antidepressants (TCAs) (in that order).
Counseling for depression was less common than antidepressant medication use, especially as a standalone treatment (table 2) . Significantly more participants reported treatment for depression (counseling for depression and/or antidepressant treatment) at baseline vs. any of the follow-up visits (ps<.01). There was not a significant difference in prevalence of treatment, or its components, between any of the follow-up visits (ps>.05).
To understand patterns of treatment for depression over time, at each follow-up we categorized participants reporting either/both intervention based on prior treatment use. Among treatment users, Figure 2 shows the percentage of participants who reported treatment; 1) at each time point so far (always) 2) for the first time (new), 3) at the last time point, but not all previous time points (consistent), and 4) at any previous time point except the last time point (recurrent). In years 1-3, 8-12% of those receiving treatment for depression were new to treatment. In years 2 and 3, 7% received recurrent treatment after discontinuing treatment earlier. Over two-thirds (68%) of those receiving treatment at year 3 reported treatment at baseline and all follow-ups.
RYGB vs. LAGB
There was no significant difference in BDI score, distribution of depressive symptom severity categories, or treatment for depression between participants who underwent RYGB vs. LAGB at baseline or follow-ups (ps>.05). There also was no significant difference between procedures in change in BDI scores, depressive symptom severity categories, or treatment for depression from baseline to each follow-up or from each follow-up to the next, with two exceptions: RYGB vs. LAGB patients had a statistically significant larger decrease in BDI score from baseline to 1 year (mean change −3.7 vs. −2.9, respectively; p<.01), which was driven by the more favorable change in BDI score from 6 months to 1 year (mean change −0.4 vs. 0.4, respectively; p<.01). Due to the rarity of hospitalizations for depression, we were unable to fit a model to test whether there was a difference in hospitalization rate between RYGB vs. LAGB, taking into account a possible interaction with time. When testing the baseline data only, there was not a significant difference in hospitalizations for depression between procedures (Chi-square; p=0.97). However, when looking at the hospitalization rate for depression over 3 years, there was a significant difference in hospitalization rate for depression between RYGB and LAGB (p<.01), with a greater percentage of RYGB patients reporting hospitalizations. For example, at 1 year, 1.2% of RYGB reported a hospitalization for depression vs. 0% of LAGB; at 3 years, 2.1% vs. 0.6%, respectively.
Change in Body Mass Index and Depressive Symptoms
The change in BDI was significantly associated with change in BMI, but the correlation was weak (r=.15; p<.001). However, as shown in figure 3 , when analysis was limited to those with depressive symptomatology (BDI ≥ 10) at baseline, the correlation was moderate (r=. 43; p<.001).
Discussion
The current findings document that bariatric surgery is associated with significant improvements in depressive symptoms, and a modest but significant reduction in prevalence of treatment for depression in the first year after bariatric surgery. However, data suggests that there is some, albeit small, deterioration in years 1 to 3 post-surgery.
Although having significant depressive symptoms was common at baseline (28.3%), the proportion of patients with severe symptomatology was relatively low (0.5%), compared with moderate (4.2%) and mild (23.6%) symptomatology. Still, treatment for depression was quite common, with 40% of participants reporting counseling for depression and/or daily antidepressant use prior to surgery.
Exploratory analysis indicated that baseline depressive symptoms increase the odds of reoperation within 30 days of surgery. The reason for this is unclear and difficult to discern given the number of such events. Of potential relevance is a recent analysis suggesting an increased risk of short-term adverse outcomes associated with surgery in general in individuals treated in the peri-operative period with serotonin reuptake inhibitors (28) . However in our current study the finding was strongest for depression severity per se rather than antidepressants broadly or this specific subgroups of antidepressants. There are a number of possible reasons for this, including the possibility that the presence of depressive symptoms is a marker or proxy for some underlying medical problem, or that depressive patients may have more physical complaints suggesting the need for re-intervention. However, this finding is based on an exploratory analysis and clearly requires replication in another cohort.
Consistent with previous work, this study found a significant decrease in depressive symptoms following surgery. After a major decline among those with baseline scores >10 in the first 6 months, the depressive symptoms score remained steady at the 1 year follow-up. Although changes in symptoms were modest from years 1 to 2 and 2 to 3, there was a significant increase in the score during this time frame, indicating some deterioration in the improvement in mood. More striking was the change in depressive symptom severity categories; compared to baseline, participants had a twofold increased likelihood of less severe depressive symptoms at 6 months vs. only a 13% odd of less severe depressive symptoms at 3 years. Our findings are in line with two small studies in adolescents which reported similar trends in change in BDI score following surgery, with increases starting at 9 months after LAGB (n=101) (29) and 18 months after RYGB (n=16) (18) . Possible explanations for a deterioration in improvement in mood after the first postoperative year include: 1) disappointment from unrealistic expectations about surgery (30); 2) weight regain and/or reoccurrence of comorbidities (31,32); 3) various nutritional deficiencies, which theoretically could present with depressive features (33); 4) relative malabsorption of antidepressants (34, 35) . Only a few medications have been studied, and the time course and longevity of this change is not well understood. However, significant reduction in serum levels theoretically might result in increasing depression.
The moderate correlation between change in depressive symptoms and change in BMI (r=. 43; p<.001) among those with baseline depressive symptoms, is consistent with previous reports (10, 11) . Given the greater weight loss generally experienced with RYGB, it was surprising that change in depressive symptoms was similar between procedures at the two and three year follow-ups. Expectations regarding the amount of weight loss may have varied between groups, contributing to this finding.
There are several limitations to the current study. This is an observational study, and therefore there was no randomization to procedure, and no control of depression treatment. Measurement of depressive symptoms was based on self-report only, not structured interviews. As mentioned earlier, data on treatment with medication and counseling were assessed with different time frames. Also the indication and dosage for antidepressant use were not ascertained, and what type of practitioner prescribed the medications was not recorded. Lastly, we were underpowered to test whether likelihood of a major adverse event differed by severity of symptoms or to investigate each component of the composite endpoint.
Important strengths of this study include that LABS is the largest prospective cohort study of individuals undergoing RYGB and LAGB to date. Its multi-center design, with sites across the U.S., speaks to its generalizability. Additionally, the cohort is very carefully characterized, and assessments include four time points over the first three postoperative years, when maximum weight loss and early weight regain generally occur. However, this sample is still being followed, and longer-term follow-up will be important to better understand relationships involved.
In summary, these data document that self-reported mild to severe depressive symptoms independently increases the odds of a major adverse event within 30 days of surgery, depressive symptomatology improves following bariatric surgery, but improvement deteriorates somewhat after the first post-operative year, and change in depressive symptoms is significantly related to change in BMI. Linear Mixed Models using all observations. Among those reporting treatment, complete data at all previous time points was required to determine history of treatment (553 of 618 reporting treatment at 1 year, 455 of 564 reporting treatment at 2 years, and 377 of 545 reporting treatment at 3 years) Latent growth model testing the correspondence between changes in body mass index (BMI) with parallel change in Beck Depression Inventory (BDI) score trajectory among those with baseline depressive symptoms (BDI ≥10) (n=671) a 
